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CONTROL METHOD AMD C ONTROL SYSTEM FOR A CONTROLLABLE PITCH 

MARINE PROPELLER 

Field of the Invention 

This invention relates to a method and system for 
controlling the pitch of a controllable pitch marine 
propeller and to a vessel including the system. 

Description of the Prior Art 

Controllable pitch marine propellers are known and include 
a propeller hub having a plurality of propeller blades 
which are mounted for movement about axes extending 
perpendicular to the rotation axis of the hub. The 
propeller hub is driven by an engine to rotate the hub. 
15 A pitch control mechanism is used to change the pitch of 
the propeller blades to suit various operating conditions 
of the engine to improve boat performance and also to 
improve economy. 
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Our earlier International Application No. PCT/AU99/00276 
and Provisional Application No. 2003903902 describe 
mechanisms for enabling the pitch of the propeller blades 
to be adjusted. Whilst the mechanisms in the two 
aforesaid applications are different, they both include a 
motor which is controlled to move a control shaft to 
adjust the position of the blades. The control shaft 
movement can be a relative rotation of a control shaft 
relative to a main drive shaft, or a longitudinal movement 
of the control shaft. Furthermore, other control systems 
such as hydraulic systems can also be used. 



Summary of the Invention 

The invention may be said to reside in a method of 
controlling the pitch of a controllable pitch marine 
propeller of a watercraft, comprising the steps of: 

providing a manoeuvring mode in which the pitch of 
the marine propeller is adjusted whilst maintaining engine 
speed substantially constant; 
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providing a cruise mode in which engine speed and 
pitch of the propeller are adjusted to enable the speed of 
advance of the watercraft to he varied; 

providing an engine check mode in which the engine 
can be revved without drive being supplied to the 
propeller; and 

providing a pitch check mode in which the pitch of 
the propeller can be adjusted without rotating the 
propeller to vary the speed of advance of the watercraft. 

In one embodiment of the invention the method includes 
providing one or more selectors to select the manoeuvring 
mode, the cruise mode, the engine check mode or the pitch 
check mode, and a drive actuator for movement between 
extreme positions so that in the manoeuvring mode, 
movement of the drive actuator changes the pitch of the 
propeller whilst maintaining engine speed substantially 
constant, and in cruise mode, movement of the drive 
actuator changes both engine speed and pitch of the 
propeller. 

Preferably the method includes providing a transition mode 
routine so that, should the mode be changed between 
manoeuvring mode and cruise mode, a smooth transition 
occurs to prevent unwanted response from the watercraft 
due to the position of the drive actuator at the time of 
change between the manoeuvring mode and the cruise mode. 

Preferably the method further includes providing sub 
routines when in the cruise mode, to determine wide open 
throttle condition required by a watercraft operator, 
normal cruise condition in which engine speed or 
watercraft speed is adjusted in accordance with the 
position of the drive actuator to achieve best fuel 
efficiency, and power stop condition in which the pitch of 
the propeller is adjusted into a full reverse position 
with continuous engine power available throughout the 
transition from forward movement of the watercraft to a 
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stopped condition of the watercraft or until the 
water-craft is controlled to again advance. 



Preferably the method includes, when in the power stop 
5 routine, monitoring- over the ground boat speed. 

The invention may be said to reside in a system for 
controlling the pitch of a controllable pitch marine 
propeller of a watercraft, comprising: 
10 a controller fors 

(a) providing a manoeuvring mode in which the pitch 
of the marine propeller is adjusted whilst 
maintaining engine speed substantially constant; 

(b) providing a cruise mode in which engine power 
and pitch of the propeller are adjusted to enable the 
watercraft to cruise; 

(c) providing an engine check mode in which the 
engine can be revved without drive being supplied to 
the propeller; and 

(d) providing a pitch check mode in which the pitch 
of the propeller can be adjusted without rotating the 
propeller. 

In one embodiment of the invention the system includes 
providing one or more selectors for selecting the 
manoeuvring mode, the cruise mode, the engine check mode 
or the pitch check mode, and a drive actuator for movement 
between extreme positions so that in the manoeuvring mode, 
movement of the drive actuator changes the pitch of the 
propeller whilst maintaining engine speed substantially 
constant, and in cruise mode, movement of the drive 
actuator changes both, engine speed and pitch of the 
propeller. 

Preferably the controller is also for providing a 
transition mode routine so that, should the mode be 
changed between manoeuvring mode and cruise mode, a smooth 
transition occurs to prevent unwanted response from the 
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boat due to the position of the drive actuator at the tine 
of change between the manoeuvring mode and the cruise 



mode, 
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Preferably the controller is also for providing sub 
routines when in the cruise mode to determine wide open 
throttle condition required by a watercraf t operator, 
normal cruise condition in which watercraf t speed is 
adjusted in accordance with the position of the control 
lever, and power stop condition in which the pitch of the 
propeller is adjusted into a full reverse position with 
continuous engine power available throughout the 
transition from forward movement of the watercraf t to a 
stopped condition of the watercraft or until the 
watercraf t is controlled to again advance. 



25 



Preferably the system includes a speed sensor for 
monitoring over the ground boat speed when in the power 
20 stop routine. 

The invention also provides a system for controlling the 
pitch of a . controllable pitch marine propeller of a 
watercraft having an engine, comprising: 

a drive actuator for manual movement by a watercraft 
operator of the watercraft; 

a controller for controlling engine power and pitch 
of the marine propeller; 

a mode selector for selecting a cruise mode or a 
manoeuvring mode for the watercraft; and 

wherein the controller is also for receiving control 
signals from the mode selector and from the drive 
actuator, and when the mode selector is actuated to place 
the watercraft in the manoeuvring mode, the controller 
sets engine rpm speed to a predetermined value and 
controls the pitch of the propeller blades in accordance 
with the manual movement of drive actuator by the 
watercraft operator to change watercraft speed, and when 
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the mode selector is in the cruise mode, the controller 
sets engine power and propeller pitch in accordance with 
movement of the drive actuator by the watercraft operator 
to change watercraft speed. 

Preferably the controller comprises a pitch control unit 
which controls engine power by selecting an output for 
supply to the engine from a look up table dependent upon 
the manually adjusted position of the drive actuator, and 
a pitch motor controller for receiving outputs from the 
Pitch control unit to adjust the pitch of the propeller. 

Preferably the system includes a pitch control motor for 
adjusting the pitch of the propeller and the pitch motor 
controller is for supplying an output signal to the pitch 
control motor to actuate the pitch control motor to adjust 
the propeller to the desired pitch. 

Preferably the system includes a sensor for providing a 
measure of the pitch of the propeller blades, the sensor 
being coupled to the pitch control unit so the pitch 
control unit is provided with a signal indicative of the 
pitch of the propeller. 

25 Preferably the watercraft includes a clutch for 

selectively disconnecting power from the engine to the 
• propeller or enabling power to be supplied from the engine 
to the propeller, a clutch actuator connected to the 
clutch and the pitch control unit being for supplying a 
control signal to the actuator to open or close the 
clutch. 
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Preferably the system includes a clutch position 
monitoring sensor for providing a signal indicative of 
35 whether the clutch is in the open or closed position, the 
sensor being connected to the pitch control unit. 

Preferably the engine includes an rpm sensor for sensing 
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engine speed, the rpm sensor being connected to the pitch 
control unit. 

Preferably an over the ground speed measuring device is 
provided and connected to the pitch control unit for 
supplying a signal indicative of the over the ground speed 
of the watercraft to the pitch control unit. 

Preferably the over the ground speed unit is a GPS speed 
measuring system. 

Preferably the mode selector comprises at least one switch 
for selectively placing the watercraft into the 
manoeuvring mode or the cruise mode. 

Preferably a second switch is provided for placing the 
watercraft into a pitch check mode or an engine check 
mode. 

Preferably the switches are momentary contact switches to 
place the system in the cruise mode or manoeuvring mode, ' 
and the pitch check mode or engine check mode by causing 
modes to toggle between the cruise mode and manoeuvring 
mode, and pitch check mode and engine mode. 

Preferably the system includes a clutch engage actuator 
for actuation by the watercraft operator so the pitch 
control unit can be overriden if attempting to open the 
clutch to maintain the clutch in a closed position so 
power is delivered from the engine to the propeller. 

Preferably the system includes a propeller stop element 
for actuation by the watercraft operator to perform an 
emergency stop of the propeller, the propeller stop . 
element being connected to the pitch control unit so that 
upon actuation of . the propeller stop element, the pitch 
control unit reduces engine speed and opens the clutch to 
shut off rotary power from the engine to the propeller. 
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and adjust the position of the propeller to neutral 
position. 

Preferably the pitch control unit, when the pitch 
5 check-engine check mode switch is actuated, causes the 
clutch to open so that drive is not supplied from the 
engine to the propeller and in the engine check mode 
position, the pitch control unit outputs a signal to the 
engine to cause the engine to rev in accordance with the 

10 position of the drive actuator, as controlled by the 
watercraf t operator, and when in the pitch check mode 
position, causes a signal to be output to the pitch motor 
controller and then to the pitch motor to adjust the pitch 
of the propeller dependent on the movement of the drive 

15 actuator. 

Preferably the pitch control unit includes a look up table 
of values for output to the pitch motor controller 
dependent upon the position of the drive actuator so that 
20 an appropriate value is selected for supply to the pitch 
motor controller to in turn control the pitch motor to 
adjust the pitch of a propeller to a position dependent on 
the position of the drive actuator. 

25 Preferably the drive actuator is a control lever moveable 
between a full forward position to a full reverse 
position. 

The invention may also be said to reside in a method of 
30 controlling the pitch of a controllable pitch marine 

propeller of a watercraf t which has an engine, comprising 
the steps of: 

providing a cruise mode in which engine power and 
propeller pitch position is adjusted by manual operation 
35 of a drive actuator so the engine power is increased or 
decreased to drive the watercraf t by rotation of the 
propeller and adjusting of the pitch of the propeller to 
achieve a required water craft speed; 
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providing a manoeuvring mod© in which engine speed is 
set and maintained at a predetermined engine speed and 
propeller pitch is adjusted by manual control of a drive 
actuator by the watercraft operator to enable the boat to 
5 be manoeuvred by pitch control of the propeller which 
varies the speed of the watercraft; 

providing a transition mode so that when the mode is 
changed from the cruise mode to the manoeuvring mode, or 
from the manoeuvring mode to the cruise mode, engine speed 
10 and propeller pitch are not changed in an undesirable 

fashion upon change between the modes if the location of 
the manually controlled drive actuator is in such a 
position which would otherwise cause the watercraft to 
respond in an undesirable manner. 

15 

Preferably a single drive actuator is provided for 
changing watercraft speed when in the cruise mode, and 
changing propeller pitch when in the manoeuvring mode. 

20 Preferably the transition mode determines whether the 

drive actuator position is beyond a predetermined limit 
and sets a predetermined engine speed and adjusts the 
pitch of the propeller dependent upon watercraft speed. 

25 Preferably the transmission mode still further comprises 
preventing the watercraft from operating in manoeuvring 
mode and in such time as the drive actuator is manually 
adjusted by the watercraft operator to a position which 
matches engine speed and pitch of the propeller and 

3 0 thereafter continued movement of the drive actuator 

enables the watercraft operator to drive the watercraft in 
cruise mode by movement of the drive actuator. 



0?he invention may also.be said to reside in a system for 
35 controlling the pitch of a controllable pitch marine 

propeller of a watercraft which has an engine, comprising: 
a controller for: 

(a) providing a cruise mode in which engine power 
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and propeller pitch is adjusted by manual operation 
of a drive actuator so the engine power is increased 
or decreased to drive the watercraft by rotation of 
the propeller and adjusting of the pitch of the 
propeller to achieve a required watercraft speed; 

(b) providing a manoeuvring mode in which engine 
speed is set and maintained at a predetermined engine 
speed and propeller pitch is adjusted by manual 
control of a drive element by the watercraft operator 
to enable the boat to be manoeuvred by pitch control 
of the propeller which varies the speed of the 
watercraft ; 

(c) providing a transition mode so that when the 
mode is changed from the cruise mode to the 
manoeuvring mode, or from the manoeuvring mode to the 
cruise mode # engine speed and propeller pitch are not 
changed in an undesirable fashion upon change between 
the modes if the location of the manually controlled 
drive actuator is in such a position upon change of 
the mode so that the boat does not respond in an 
undesirable manner. 

Preferably a single drive actuator is provided for 
changing engine speed when in the cruise mode, and 
changing propeller pitch when in the manoeuvring mode. 

Preferably the transition mode determines whether the 
drive actuator position is beyond a predetermined limit 
and sets a predetermined engine speed and adjusts the 
pitch of the propeller dependent upon watercraft speed. 

Preferably the method further includes when in the 
transition mode preventing the watercraft from operating 
in cruise mode until such time as the watercraft operator 
moves the drive actuator to a position which matches the 
engine speed and pitch of the propeller. 

Preferably the method also includes monitoring watercraft 
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speed and setting engine power as a function of the engine 
speed whilst controlling the pitch of the propeller to 
maintain that watercraf t speed when transitioning from 
manoeuvring mode to cruise mode. 

5 

Preferably the method includes monitoring watercraf t speed 
and setting engine speed to a predetermined speed and 
propeller pitch to a pitch dependent on watercraf t speed 
when transitioning from cruise mode to manoeuvring mode. 

10 

The invention still further provides a method for 
controlling the pitch of a controllable pitch marine 
propeller of a watercraft which has an engine, comprising 
the steps of: 

15 providing a power stop mode for rapidly reducing 

speed of the watercraft when the watercraft is advancing; 
and 

adjusting the pitch of the propeller into a full 
reverse position with continuous engine power available 
20 throughout the transition from advancing movement of the 
watercraft to a reduced forward speed of the watercraft. 

Preferably the method includes maintaining continuous 
engine power available until the watercraft stops or until 

25 the watercraft is controlled by a watercraft operator. 

Thus, this aspect enables the watercraft to be completely 
stopped under power stop conditions or if during the 
course of stopping the operator decides that it would be 
desirable to accelerate the watercraft the drive can do so 

30 under driver control. 

Preferably the method includes determining a power stop 
requirement by monitoring the speed of movement of a drive 
actuator to place the propeller in a full reverse pitch 
35 position. 

Preferably the method includes monitoring watercraft speed 
and maintaining the watercraft in power stop mode until 
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the watercraf t reaches a predetermined speed or is 
controlled by an operator by movement of an actuating 
device to operate the boat other than in power stop mode, 

5 The invention also provides a system for controlling the 
pitch of a controllable pitch marine propeller of a 
watercraf t which includes an engine, comprising: 

a drive actuator moveable from a forward position to 
a reverse position; 
10 a controller for adjusting the pitch of the propeller 

to place the pitch in a fully reverse position; and 

wherein the controller is for determining the 
requirement for power stop by monitoring movement of the 
actuator and for, upon determination of power stop, 
15 adjusting the pitch of the propeller to the full reverse 

position with continuous engine power available throughout 
the transition from forward movement of the watercraf t to 
a reduced speed of the watercraf t. 

20 Preferably the controller is for maintaining continuous 

engine power until the watercraft stops or the actuator is 
moved by the watercraft operator. 

Preferably the controller is for determining the 
25 requirement • for power stop by monitoring the speed of 
movement of the actuator to the full reverse position* 

Preferably the drive actuator comprises a control lever. 

30 Preferably the system includes a speed sensor for 

providing a signal indicative of speed of the watercraft 
and the controller is for maintaining the watercraft in 
power stop mode until a predetermined watercraft speed is 
reached or the drive actuator is actuated by an operator 

35 to operate the watercraft in other than power stop mode. 

The invention also provides a method of controlling the 
pitch of a controllable pitch marine propeller of a 
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watercraft which includes an engine, comprising: 

providing an indication of the over -the -ground speed 

of the watercraft; 

using the over-the-ground speed of the watercraft to 
5 control engine power dependent on any one or more of the 

parameters selected from the following group of 

parameters: propeller pitch, and operating mode of the 

water craft. 

10 In one embodiment, the operating mode is a set cruise 
control mode in which it is desired to maintain the 
watercraft speed at a constant speed and wherein engine 
power is adjusted to maintain that constant speed. 

15 In another embodiment, the operating mode includes a power 
stop mode in which watercraft speed is used to determine 
when watercraft speed drops to a predetermined minimum 
speed so that power stop mode continues, unless otherwise 
overridden by operator control, until the minimum 

20 watercraft speed is produced. 

In this embodiment, the engine speed also is used to set 
the power of the engine at the commencement of power stop 
so that a particular engine power is selected dependent on 
25 the speed of the watercraft. 

Preferably the operating mode includes transition modes 
which are implemented when the operating mode of the 
watercraft is changed between a cruise mode and a 
30 manoeuvring mode, and wherein the engine power is selected 
dependent on the boat speed during transition between the 
cruise mode and the manoeuvring mode to produce a smooth 
transition between the cruise mode and manoeuvring mode. 

35 Preferably the watercraft speed is used to produce the 

smooth transition when transitioning from both the cruise 
mode to the manoeuvring mode and from the manoeuvring mode 
to the cruise mode. 
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The invention also provides a system for controlling the 
pitch of a controllable pitch marine propeller of a 
watercraft which includes an engine, comprising: 

a speed sensor for providing an output indicative of 
the over - the -ground speed of the watercraft; and 

a controller for using the output to control engine 
power dependent on any one or more of the parameters 
selected from the following group of parameters: propeller 
pitch, and operating mode of the water craft. 

In one embodiment, the operating mode is a set cruise 
control mode in which the controller maintains the 
watercraft speed at a constant speed and wherein engine 
power is adjusted to maintain that constant speed. 

In another embodiment, the operating mode includes a power 
stop mode in which the output is used to determine when 
watercraft speed drops to a predetermined minimum speed so 
that power stop mode continues, unless otherwise 
overridden by operator control, until the minimum 
watercraft speed is produced. 

In this embodiment, the engine speed also is used to set 
the power of the engine at the commencement of power stop 
so that a particular engine power is selected dependent on 
the output indicative of speed of the watercraft. 

Preferably the operating mode includes transition modes 
which are implemented when the operating mode of the 
watercraft is changed between a cruise mode and a 
manoeuvring mode, and wherein the engine power is selected 
dependent on the output during transition between the 
cruise mode and the manoeuvring mode to produce a smooth 
transition between the cruise mode and manoeuvring mode. 

Preferably the output is used by the controller to produce 
the smooth transition when transitioning from both the 
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cruise mode to the manoeuvring mode and from the 
manoeuvring mode to the cruise mode. 

Brief Description of the Drawings 

A preferred embodiment of the invention will be described, 
by way of example, with reference to the accompanying 
drawings in which: 

Figure 1 is a schematic view of a control system for 
controlling the pitch of a marine propeller; 

Figure 1A is a diagram illustrating overall operation 
of the system described in Figure 1; 

Figure 2 is a diagram illustrating a control panel 
with which the system and method of the invention may be 
used; 

Figure 3 is a flowchart showing startup operation of 
the control system and method according to the preferred 
embodiment; 

Figure 4 is a flowchart showing system operating mode 
selection according to the preferred embodiment of the 
invention; 

Figure 5 is a flowchart showing an engine check and a 
pitch check routine according to the preferred embodiment 
of the invention; 

Figure 6 is a flowchart showing a cruise mode routine 
according to the preferred embodiment of the invention; 

Figure 6a and Figure 6b are diagrams illustrating 
operation of part of the process according to the 
flowchart of Figure 6; 

Figure 7 is a flowchart showing a manoeuvring mode 
routine according to the preferred embodiment of the 
invention; and 

Figure 8 is a view showing engine shutdown. 

Detailed Description of the Preferred Embodiment 
With reference to Figure 1 a schematic view of a control 
system according to the preferred embodiment, and a marine 
drive system for a boat is shown. The marine drive system 
generally comprises an engine 18 which drives a propeller 
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14 via a clutch 20. The propeller 14 includes a hub 16 
and propeller blades 12. In a variable pitch marine 
propeller, the blades 12 are mounted so that the position 
of the blades 12 can be adjusted about axes transverse to 
5 the rotational axis of the hub 16. 

The control system includes a pitch control unit 10. The 
pitch control unit 10 is connected to an EDU motor 
controller 22 which in turn controls a DC motor 24 which 
10 adjusts the pitch of the propeller blades 12. For the 

mechanical details of the mechanism, regard can be had to 
the aforementioned International application a nd 
provisional application, the contents of which are 
incorporated into this specification by this reference. 

15 

The pitch control unit 10 controls the engine IB by 
control signals which are output on line 11. Basically 
the control is a control over the fuel delivery system of 
the engine 18 to increase or decrease the power supplied 

20 by the engine 18 in response to movement of a control 

lever 28 to control boat speed. The pitch control unit 10 
is also connected to a clutch actuator 25 by line 13 so 
that signals can be output to the actuator 25 to cause the 
actuator to open or close the clutch 20. Obviously when 

25 the clutch is open, drive to the propeller 14 from the 
engine 18 is disconnected and when the clutch 20 is 
closed, the engine 18 is able to drive the propeller 14. 
The pitch control unit 10 is also connected to the EDU 
motor controller 22 by line 15 so that signals can be 

30 output to the controller 22 to in turn cause the 

controller 22 to output signals on line 17 to control the 
DC motor 24. Rotation of the DC motor 24 adjusts the 
pitch position of the propeller blades 12, and therefore 
the control signals provided on lines 15 and 17 are used 

35 to actuate the DC motor 24 to position the propeller 

blades 12 in a desired pitch position depending on the 
operating conditions of the system, as will be described 
in more detail hereinafter. The control lever 28 is 
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connected to tie pitch control unit 10 and is moveable by 
a watercraft operator between extreme positions to drive 
the boat. In general, the signals output upon movement of 
the lever 28 are electronic signals which are supplied to 
5 the pitch control unit io via line 19 and those signals 
provide a control signal to the pitch control unit 10 
indicative of the position of the lever 28 so the engine 
18 is controlled in speed and/or torque dependent on the 
position of the lever 28. 

10 

A propeller blade pitch position sensor 30, a clutch open 
or close sensor 32, an engine rpm sensor 34, and a GPS 
system 35 for providing a measure of ground speed are also 
connected to the control unit 10. Thus, data is provided 
15 to the pitch control unit 10 concerning the pitch position 
of the propeller blades 12, whether the clutch 20 is open 
or closed, the engine speed of the engine 18, and the over 
the ground speed of the boat. 

20 The pitch position sensor 30 is located to measure the 

movement of an output shaft 21 from the DC motor 24 which 
controls the position of the propeller blades 12. The 
sensor 30 is located in this position because of ease in 
measuring the pitch of the propeller by measuring the 

25 output shaft 21 of the motor rather than attempting to 

provide the sensor 30 in the hub 16. However, if desired 
the sensor could be provided in the hub 16. 

The sensor 30 is preferably an all effect sensor and 
30 comprises a magnet 30a which is mounted on a worm wheel 23 
of a worm drive which is driven by the output shaft 21. A 
sensor output 30b completes the sensor 30 and an output 
signal is produced when the worm wheel 23 rotates to such 
a position that the magnet 30a is adjacent the sensor 30b, 
35 as is well known. In the preferred embodiment of the 

invention, the output shaft 21 of the motor 24 is rotated 
a large number of times, for example 120 revolutions, in 
order to drive the pitch of the propeller 14 from the 
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reverse position to the full forward position. Those 120 
revolutions rotate the worm wheel 23 no more than, one full 
revolution, and preferably a complete revolution, so that 
when the magnet 30a is aligned with the sensor output 30b, 
the propeller blades 12 will be in a predetermined pitch 
position, and therefore, by the output from the sensor 
output 30b, the pitch of the propeller blades 12 can be in 
a particular reference position. Thus, in order to drive 
the propeller blades 12 until they are adjusted to the 
particular reference pitch position, the motor 21 is 
rotated until the signal is received from the sensor 30b. 
Thereafter, the pitch is controlled by controlling the 
amount of revolutions of the output shaft 21 to further 
adjust the pitch of the propeller blades 12 from that 
reference position. 

Figure 1A is an overall view of the operating system 
according to the preferred embodiment of the invention. 
The system operates by determining a particular mode of 
operation which a watercraf t operator can select via a 
control panel which will be described with reference to 
Figure 2. The modes generally comprise operating modes 
101a or check modes 101b. The operating modes 101a are 
either a manoeuvring mode 102 or a cruise mode 103. The 
check modes 101b are an engine check mode 104 or a 
propeller check mode 105. 

The manoeuvring mode 102 is a mode in which a control 
lever 28, which will be described in more detail with 
reference to Figure 2, is used to change the pitch of the 
propeller blades 12 whilst engine speed is set at a 
predetermined level, such as a high idle speed of, for 
example, 1500 rpm. In this mode, movement of the control 
lever 28 influences the control unit 10 .to change the 
pitch of the propeller blades 12 to enable the boat to be 
manoeuvred whilst arriving at or leaving a dock or the 
like. The control unit 10 varies engine power to maintain 
engine speed at the constant high idle. 
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In cruise mode, the control lever 28 provides a signal to 
pitch control unit 10 to control the engine 18 in cruise 
mode with the control lever position signaling to the 
control unit 10 the power requested by the operator. 
Thus, the control lever 28 influences the control unit 10 
to set engine power (which may in turn alter engine speed) 
and propeller pitch to produce the required boat speed. 
The cruise mode 103 also enables the boat to travel in a 
wide open throttle mode 106 in which the engine throttle 
and pitch of the propeller blades are operated for maximum 
power. In cruise mode, the boat can also be placed into a. 
power stop mode 107 in which the pitch of the propeller 
blades are moved to full reverse position and the throttle 
is reduced to somewhere between 50% to full open throttle. 

The resolution of the pitch under the control of the 
control lever 28 is finer in the manoeuvring mode than in 
the cruise mode. In other words, in the cruise mode 
movement of the control lever 28 may vary the pitch from 
neutral to, for example 12 cm of pitch, whereas the same 
amount of movement of the control lever 28 in the 
manoeuvring mode will produce a much smaller amount of 
pitch for, example 4 cm of pitch. Thus, that movement of 
the control lever will result in a much lower boat speed 
because of the decreased amount of pitch in the 
manoeuvring mode which is desired because in the 
manoeuvring mode, the boat is obviously required to travel 
slowly for precise movement while approaching or leaving a 
dock, etc . 

Figure 2 is a diagram of a control panel which the 
watercraf t operator of the boat will use in order to 
control the boat and, in particular, the pitch of the 
propeller blades 12 during various operational modes of 
the boat. 
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With reference to Figure 2, the lever 28 is, as is well 
known, moveable between a forward, neutral and reverse 
position under the control of the boat operator, in a 
forward position, the lever 28 normally is requiring the 
engine to be revved so the boat can be driven forward. 
The pitch of the propeller blades are changed depending on 
the operational conditions of the boat to provide the best 
possible performance, depending on the number of people in 
the boat, sea conditions and the like, m the neutral 
position, the pitch of the propeller blades are set to a 
neutral location where rotation of the propeller 14 
effectively produces no drive. In the reverse position, 
the pitch of the propeller blades are set in a reverse 
position so the boat can be driven backwards. Thus, 
reverse is possible without the use of a gear box to 
change the rotational direction of the propeller 14. The 
control panel also includes a pitch check and engine check 
mode switch 27, an ignition switch 39, a cruise/manoeuvre 
mode switch 29, and the clutch engage switch 32. The 
switches 27 and 29 are preferably in the form of contact 
switches (push buttons) so the system can be switched 
between engine check and pitch check mode with the switch 
27 and cruise and manoeuvring modes with the switch 29. 
However, the switches could be replaced by other types of 
switches or be in the form of a scroll-down menu on a 
display screen (not shown) or the like for appropriate 
input to the pitch control unit 10, dependent on how the 
boat operator wishes to control the boat. The panel also 
includes an emergency propeller stop button 43. Light 
emitting diodes 45 and 47, and 49 and 51 are provided so 
that an indication of whether the system is in the 
manoeuvring mode, cruise mode, engine check mode or pitch 
check mode can be displayed for easy recognition by the 
boat operator. The ignition switch 39 is also usually 
provided with a light emitting diode or electrical globe 
53 to show when the ignition is on and if a generator (not 
shown) is charging, and the clutch switch 32 is also 
provided with a light emitting diode 55 to show when the 
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clutch is engaged. "The light emitting diode 55 will be 
off when the clutch is engaged. 

in normal operation of the boat, the ignition switch 39 is 
switched on under the control of a key or the like to 
start the engine. The boat is moved by moving the 
throttle 28 forward or reverse from neutral so the hub 16 
is rotated and the propeller 14 drives the boat through 
the water, as is well known. The pitch check and engine 
check mode switch 27 enables the boat operator to check 
engine operation by revving the engine and also check 
movement of the pitch of the propeller blades 12 to ensure 
that all seem to be operating correctly if the boat 
operator so desires. The manoeuvre and cruise switch 29 
enables the boat operator to place the control system into 
a manoeuvre mode where the boat is manoeuvred by change in 
pitch of the propeller blades 12 and a cruise mode where 
the boat is driven in the most economic way under normal 
throttle conditions by engine speed which rotates the 
propeller 14. 



Figure 3 is a flowchart illustrating initial startup of 
the system according to the preferred embodiment of the 
invention. Upon initial startup, at step 301, by turning 
an ignition key in ignition switch 39, the electronic 
control systems including the pitch control unit 10 and 
the EDT7 motor controller 22 are powered. At step 302 
light emitting diodes described with reference to Figure 2 
light up. The pitch control unit immediately sends a 
signal on line 13 to actuator 25 to open clutch 20 if the 
clutch is not already in an open condition. The system 
also goes through initial controller checks where various 
predetermined settings of the program are set and the 
pitch of the propeller blades 12 is adjusted by an output 
from the pitch control unit 10 via line 15 to motor 
controller 22 and on line 17 to DC motor 24 to move the 
propeller blades to a predetermined reference position so 
the system clearly knows where the pitch is set at initial 
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startup of the system. This can be done by causing the 
propeller blades 12 to move between the fully reverse and 
fully forward position and then to a reference position 
under the control of the pitch control unit 10. The unit 
10 is fed with information from the sensor 30 which can 
provide an indication of, for example, when the propeller 
blades are exactly at the reference position so that the 
control unit 10 can then control the DC motor to adjust 
the position to a predetermined position by suitable 
output on line 17 to the DC motor 24 to cause the output 
shaft 21 of the DC motor 24 to rotate to adjust the pitch 
of the blades 12. 

At step 303, a decision is made as to whether pitch check 
mode button 27 has been pressed to place the system in a 
pitch check mode. This may be desired if the boat is on 
dry dock or the like so that the operation of the pitch 
control mechanism for changing the pitch of the propellers 
12 can be checked. This can be done without starting the 
engine simply by turning the ignition key to an on 
position before the starter motor of the engine engages to 
start the engine. Thus, rather than start the boat, the 
ignition can simply be switched on and the pitch mechanism 
can be checked if a boat operator so desires. If the 
system has been toggled to the pitch mode by button 27, 
the program moves to step 304 where the engine speed of 
the engine is set to idle (even though the engine may not 
be operating) as a safety measure. Since the clutch is 
open, drive would not be transmitted from the engine 18 to 
the propeller 14 in any event, but setting the engine 
speed to idle ensures that if the engine is started for 
any reason, the engine will not rev above idle speed. At 
step 304, the pitch control unit 10 supplies a signal on 
line 15. to EDU motor controller 22 to in turn output a 
signal on line 17 to control DC motor 24 to change the 
pitch of the propeller blades 12. The pitch of the 
propeller blades is selected by the position of the 
control lever 28. The position of the control lever 28 
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results in a change in an output voltage from the control 
lever 28 to the pitch control unit 10 on line 19 and a 
look up table is used to select an appropriate value to 
which the pitch of the propeller blades should be adjusted 
5 dependent on the signal on line 19. Thus, by moving the 
control lever 28 between the full forward and full reverse 
positions, full range of movement of the propeller blades 
12 from their maximum forward pitch to their maximum 
reverse pitch takes place so a visual inspection can be 

10 made to see that the mechanism is working properly. At 
step 305, the program monitors for a change in the mode 
setting, and if there is no change, the program cycles 
back to step 304 so that the pitch of the propeller blades 
can continually be adjusted by moving the lever 28. if 

15 there is a change, the program goes back to step 303 and a 
determination is made as to which of the mode buttons has 
been pressed. 

If the ignition key at step 301 is initially turned fully 

20 on so that the engine is started, the same operation as 
described above will take place and pitch mode operation 
can be chosen if the pitch mode button 27 has been 
pressed. However, in startup of the engine, the program 
can delay the step 304 until the engine has fully fired 

25 up, so that the starter motor (not shown) which starts the 
engine 18 and the DC motor 24 are not drawing power at 
exactly the same time. If the engine is started, the 
system can monitor for a return to normal voltage of a 
battery (not shown) which supplies electrical power before 

30 the DC motor 24 is operated. This simply prevents too 

much drain on the battery or an attempt to draw too much 
current if the engine 18 is started concurrently with 
attempted operation of the DC motor 24. If the button 27 
shown in Figure 2 has not been pushed to toggle the system 

35 to manoeuvring mode, the program at step 303 moves to step 
306 which will set an engine check mode sub-routine. At 
step 307, a check is made to determine whether the engine 
is started and if not, the program essentially circles 
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back to step 306 waiting for the engine to be started. 
When the engine has started, the program moves to step 308 
so that the engine check mode can be implemented. This 
step moves the pitch of the propeller blades to neutral 
position by output from the pitch control unit 10 on line 
15 to the EDU 22 and then output from the EDIT 22 on line 
17 to the DC motor 24 to control the motor to place the 
propeller blades 12 in the neutral position. 

The engine check sub routine will be described in more 
detail hereinafter, but basically this sub routine is in 
effect a default mode upon initial startup and allows the 
boat operator to rev the engine whilst the clutch 20 is 
disengaged and the propeller blades 12 are in a neutral 
position so as to either warm the engine or simply, by the 
sound of the engine, confirm that the engine is operating 
properly before the boat is driven away. 

At step 309, a decision is made to determine whether the 
mode of operation has been changed by operating the 
switches 27 or 29 to place the boat back into either a 
pitch check mode, a manoeuvre mode or a cruise mode, if 
there is no change, the program simply cycles back to step 
308 so the engine check mode operates until the boat 
operator decides to change the mode by depression of the 
one of the aforesaid buttons, if the mode changes, the 
program moves to position S at step 310 which is continued 
in Figure 4. 

With reference to Figure 4, at step 401, a decision is 
made to determine which of the modes has been requested by 
pressing the button 27 or 29. The two possible modes are 
the manoeuvring/ cruise mode by pressing button 29 or the 
pitch/engine check mode chosen by pressing switch 27 . The 
switches 27 and 29 are momentary contact switches which 
effectively toggle either the pitch check mode or the 
engine check mode in the case of the switch or button 27, 
or the manoeuvring mode or cruise mode in the case of the 
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switch or button 29. The particular mode of the switch 
can easily be seen by the illumination of the light 
emitting diodes 45, 47, 49 and 51. 

Assuming that the button 27 is operated, the program moves 
to step 402 which is continued in Figure 5. 

With reference to Figure 5, a decision is made at step 501 
to determine whether the switch 27 has been pushed to 
change between the engine check mode or the pitch check 
mode. If in the engine check mode, the program moves to 
step 502 where a decision is made as to whether the 
control lever 28 is in the neutral position. If the 
control lever 28 is not in the neutral position, light 
emitting diode 47 is flashed at step 503 to alert the boat 
operator that the lever must be moved to the neutral 
position. When the lever is in the neutral position, step 
502 is answered in the affirmative and the program moves 
to step 504 where the clutch 20 is opened by a signal 
output on line 13 to actuator 25 to open the clutch if the 
clutch is not already in the open position. The pitch 
control unit 10 outputs a signal on line 15 to the EDU 22 
which in turn outputs a signal on line 17 to the DC motor 
24 to place the propeller blades in the neutral position, 
as per step 308, and the engine speed is set by movement 
of the control lever between the neutral and full forward 
positions and the engine check light emitting diode 47 is 
illuminated to show that the system is in the engine check 
mode. Thus, the boat operator can simply rev the engine 
by back and forward movement of the lever 28. The output 
on line 11 is selected from a look up table which picks 
the output dependent on the position of the lever 28 and 
the signal supplied on line 19. Thus, when the lever is 
moved back and forward, the engine throttle assembly (not 
shown) is operated to cause the engine to rev. At step 
505, a decision is made' as to whether there has been a 
mode change request by pressing one of the buttons 27 or 
29. If no, the system remains in the engine check mode. 
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If there has been a change to the requested mode, the 
program moves to step 310 which takes the program back to 
Figure 4, as previously explained, 

5 If the mode check at step 501 determines that the button 
27 has been placed in the pitch mode check position, the 
program moves to step 506 to again determine whether the 
control lever is in the neutral position. If the control 
lever 28 is not in the neutral position, light emitting 

10 diode 45 flashes at step 507 to indicate to the boat 

operator that the lever should be moved to the neutral 
position. When the lever has been moved to the neutral 
position, the program moves to step 508 where the clutch 
20 is opened by a signal to the actuator 25 in the same 

15 manner as previously described. The engine speed is set 
to idle by a signal on line 11 so that the engine simply 
operates at idle speed. The control lever position 28 in 
this mode does not rev the engine, and the engine remains 
at idle speed as set. Rather, movement of the lever 28 

20 moves the propeller blades 12 so the pitch of the 

propeller blades is adjusted whilst the engine is at idle 
speed. Once again, the position of the lever 28 changes 
the voltage signal on line 19 so that that signal can be 
used to select an appropriate value from a look up table 

25 to supply on line 15 to controller 22 to in turn control 
the DC motor 24 to change the pitch of the propeller 
blades 12, 

At step 509, a determination is made as to whether there 
30 has been a mode change request by pressing one of the 

buttons 27 or 29, and if no, the program returns to step 
508 to remain in the pitch check mode. If there has been 
a change, the program moves to step 310, which .again takes 
the program back to Figure 4 as previously mentioned. . 

35 

Returning to Figure 4, if the button 29 was depressed 
rather than the button 27 , the program moves from step 401 
to step 403 and a determination is made as to whether the 
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depression of the button 29 will place the system into the 
manoeuvring mode or the cruise mode. If the switch 29 was 
placed in the cruise mode, the program moves to step 404 
and a determination is made as to whether the system is 
transitioning from manoeuvring mode into the cruise mode. 
If no, the system moves to step 408 which is continued in 
Figure 6, and will be described hereinafter. 

If step 404 decided that the system was transitioning from 
manoeuvring mode to cruise mode, the system goes through a 
routine to effect a smooth transition between those modes 
in the event that in the manoeuvring mode, the throttle 28 
was in a position which, if the system immediately moved 
to cruise mode, would result in an unwanted change in 
characteristic of the boat, such as a rapid acceleration, 
rapid deceleration or the like. 

If step 404 is answered in the affirmative, the program 
moves to step 40S and the position of the lever 28 is 
determined having regard to the present operating 
conditions of the boat, and if in an extreme position 
which would cause a rapid alteration to the manner in 
which the boat is travelling, light emitting diode 51 is 
flashed at step 406 requiring movement of the lever 28 
before the boat will respond to the position of the lever 
28. if the answer to the question at step 405 is yes the 
light emitting diode 51 is flashed at step 406 indicating 
that the operator needs to move the control lever 28 
before the boat will respond in cruise mode. Thus, the 
boat remains in manoeuvring mode with the engine speed and 
pitch of the propeller being the same as that at which it 
was in manoeuvring mode. The light emitting diode 51 will 
continue to flash until the operator moves the control 
lever 28 back to a position towards neutral at which it 
will match the boat speed by appropriate control of the 
engine and pitch of the propeller as if it were in cruise 
mode. Thus, the operator should continue to move the 
lever back until the light emitting diode 51 stops 
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flashing, thereby indicating that the lever is now in the 
correct position, or within a predetermined limit of that 
position. If the lever position is moved so it is within 
the predetermined limit the program moves from step 405 to 
step 407 where the boat speed is read from the system 35 
and the engine 18 is controlled by output on line 11 from 
the pitch control unit 10 to provide an appropriate engine 
speed or torque for that boat speed and the pitch of the 
propeller blades 12 is controlled by outputs on line 15 to 
controller 22 and line 17 to DC motor 24 to maintain that 
boat speed. Then as the operator continues to move the 
control lever 28 the boat can be driven in cruise mode. 
Thus, this prevents the boat from operating in an 
unsatisfactory way on transition from manoeuvring mode to 
cruise mode if, for example, the pitch of the lever 28 is 
in such a position when last manoeuvring that the lever 
was close to wide open throttle position and the pitch in 
a full forward position that if the mode immediately 
changed to cruise mode this would be interpreted as a 
requirement for maximum engine power causing the boat to 
accelerate as quickly as possible. Thus, the system 
ensures that the operator needs to move the control lever 
28 to effectivity pick up the operating conditions of the 
boat, so the throttle position effectively matches those 
operating conditions, before the boat will respond in 
cruise mode. 

If at step 403 a determination is made that the switch 29 
has toggled the system to the manoeuvring mode, the 
program moves to step 409 from step 403. Again, a check 
is made as to whether this mode results in a transition 
from a cruise mode to a manoeuvring mode, and if no, the 
program moves to step 410 which is continued in Figure 7 
and will be described in detail hereinafter. If at step 
409 a decision is made that the mode is being switched 
from cruise mode to manoeuvring mode, the program moves to 
step 411. once again, a decision is made similar to that 
in step 405 to determine whether the lever position 28 is 
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in a position which, if the mode is immediately changed, 
would cause unsatisfactory response from the boat, if the 
lever position is outside predetermined limits, having 
regard to boat operation, such as boat speed or the like, 
light emitting diode 49 is flashed at step 412 to indicate 
this to the boat operator and the boat operator needs to 
move the lever 28 to a position such that upon change to 
manoeuvring mode, the boat will not respond in an 
unsatisfactory manner. Thus, the operator must move the 
lever 28 to a position which matches the present boat 
operating condition before the system will respond in the 
manoeuvring mode. Thus, if the engine speed or pitch 
propeller position is such that the transition would cause 
the boat to slow rapidly on change from cruise mode to 
manoeuvring mode this is prevented and will not happen. 
If the lever position 28 is not greater than a preset 
limit or has been moved by the operator, the program can 
move to step 413 where the boat is placed ready for 
manoeuvring mode at step 413 by setting the engine speed 
18 to a high idle speed such as a speed of about 1500 rpm 
by an appropriate signal on line 11. The pitch of the 
propeller is set based on a speed reading from the GPS 
system 35 so that the pitch is set to a position which 
matches both the boat speed and lever position so that a 
sudden change in boat speed does not occur on switch over 
from manoeuvring mode to cruise speed. Typically, this 
change in speed when moving from cruising mode to 
manoeuvring mode would be a rapid slow down of the boat. 
Thus, by setting the pitch and monitoring lever position 
so the manoeuvring mode is not implemented until the lever 
is in a position which will match the operating conditions 
of the boat when in manoeuvring mode, a sudden speed 
change does not occur and the boat continues operating 
until the driver operates the boat in the new mode by 
operation of the lever 28. The movement of the lever 28 
will then cause the pitch control unit 10 to respond to 
movement in lever position 28 by outputting signals on 
line 15 so the pitch of the propeller blades 12 are 
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adjusted in response to movement of the lever 28 whilst 
the engine speed 18 is not changed. 

Turning now to Figure 6, when the system moves to step 405 
for cruise mode, either directly via step 404 or from step 
404 through the transition steps 405 to 407, the clutch 20 
is engaged at step 601. At step 602, a decision is made 
as to whether wide open throttle acceleration is required. 
This decision is made based on the position of the lever 
28 and therefore the voltage signal on line 19. if the 
lever 28 is moved fully forward indicating full throttle 
power is required, step 602 is answered in the 
affirmative, if the lever 28 is moved quickly indicating 
the boat operator requires rapid acceleration the system 
15 is placed in wide open throttle condition until the boat 
speed matches that required by the new position of the 
lever 28. The speed of movement of the lever 28 is 
determined by simply measuring the time it has taken to 
move the lever 28 from its initial position to its new 
20 position (ie. dx\dt> . if this occurs, the program moves 
to step 603 and the pitch control unit 10 immediately 
outputs a signal on line 11 for full throttle open 
position to the engine so that the engine delivers maximum 
torque. The pitch of the propeller blades 12 is set by 
the edu 22 and DC motor 24 to achieve the engine speed 
resulting in maximum power. At step 604, a determination 
has been made as to whether a propeller stop has been 
requested by pressing button 43. Button 43 can be pressed 
in an emergency situation if it is desired to immediately 
stop rotation of the propeller 14 in the event of an 
emergency situation, such as the boat becoming beached, 
approaching a diver or other hazard or dangerous 
situation. If step 604 is negative, the program returns 
to step 602 and simply continues. If propeller stop is 
35 required, the program moves to step 605 where the output 
on line 11 from the pitch control unit 10 to set the 
engine zpm speed to idle and open the clutch 20 by signals 
on lines 11 and 13 respectively. Concurrently the unit 10 



25 
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outputs a signal on line 15 for the EDU 22 to control the 
DC motor 24 to place the propeller blades 12 in a neutral 
position. At step 605, the system automatically defaults 
to the engine check mode. This simply results in the 
5 system having to be manually set to another mode before 
the propeller will again operate, so the propeller cannot 
be caused to operate erroneously while the boat is still 
in a hazardous situation. After step 60 5 , the program 
moves to step 605a where a determination is made as to 

10 whether the control lever has been moved to the neutral 

position. If the answer is yes, the program moves to step 
605b indicating that the engine check mode has been 
requested and the clutch light 55 is blinked indicating 
that the clutch is disengaged to show the driver that no 

15 drive is being supplied to the propeller 14. If at step 
605a the control lever is not in neutral, the program 
moves to step 605c in which the engine check LED 47 is 
blinked and the clutch light 55 is also blinked. The 
clutch light indicates that the clutch is open and the 

20 engine check LED 47 indicates to the driver that the 

control lever 28 needs to be moved before anything further 
will happen. Step 605c returns to step 605a waiting for 
an indication that the control lever has in fact been 
moved to the neutral position before the program will then 

25 move to step 605b. After 605b, the program moves to step 
310 waiting for a particular mode selection. 

If propeller stop is not requested at step 604, the 
program returns to step 602 where a decision is again made 

30 as to whether wide open throttle conditions are still 
present, if wide open throttle conditions are not 
required/ the program moves to step 606 an d a 
determination is made as to whether power stop is 
required. Power stop occurs when the boat operator moves 

35 the control lever 28 quickly into the full reverse 
position, thereby indicating that the pitch of the 
propeller blades 12 are to be changed to provide braking 
so that the boat slows down as quickly as possible. 
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Again, this determination can be made by simply monitoring 
the voltage on line 17 and the speed at which the lever 23 
(dx\dt) is moved into the fully reverse position. If 
power stop- is not required, the program moves to step 607 
5 where a determination of the boat speed is made from the 
GPS speed system 35. At step 607, an appropriate one of 
several operating curves for engine speed pitch position, 
depending on the load on the boat including the number of 
people in the boat, sea conditions and the like can be 
10 determined so that particular adjustment factors can be 

selected based on the operating curve which is deemed most 
desirable having regard to load conditions and the like. 

Figures 6A and 6B are graphs illustrating how an 

15 appropriate operating curve is selected at step 607. 

Figure 6A is a graph showing resistance versus boat speed 
for a particular power curve P 1 . If for example the 
control lever 28 is moved to a position where boat speed S 
would be called for, the normally appropriate power is Po 

20 on the power curve P 1 . This power curve may be applicable 
if for example the boat is lightly loaded with for example 
two people. If the boat is more heavily loaded the 
particular power Po will not be sufficient to achieve the 
boat speed S and another curve such as the power curve P ' 1 

25 needs to be considered indicative of the fact that the 
boat is more heavily loaded with people. Thus, the 
particular power required to reach boat speed S may be PI. 
The program is able to learn which appropriate power curve 
is required to produce a boat speed S having regard to the 

30 loading or resistance for both experiences during 

operation and if for example the boat does not reach speed 
S with power Po the program determines that it needs to 
move to another power curve applicable for greater 
resistance or loading on the boat in order to reach that 

3 5 speed . 

After the appropriate power curve is selected figure 6B 
shows how a particular engine torque *r%A engine speed will 
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be selected in order to provide the most economic 
operating conditions to produce the required power to in 
turn produce the required boat speed S. 

5 Figure 6B shows a graph of torque in newton metres against 
engine speed in revolutions per minute* The curves A are 
brake specific fuel consumption curves which give equal 
fuel consumption in grams per kWh. Curves B are curves of 
equal power in kW. Curve C is the wide open throttle 
10 torque curve. 

Thus, for the curves .A each point on each of the 
respective curves gives an equal amount of fuel per kwh. 
The lowest fuel consumption is the curve A v (which is 

15 effectively a point) and then fuel consumption increases 
outwardly at curve A 1 1 , A' 1 1 and with the curve A 1 1 ■ 1 
being the highest consumption. Thus, for a desired engine 
power such as that given by curve B 1 a number of different 
torques and engine speeds are possible such as those shown 

20 by T1N1, T2N2, T3N3, and T4N4. To achieve the best fuel 

economy the curve Al is the curve which should be selected 
and for engine power B 1 the appropriate torque is 
therefore T4 and the engine speed N4. This will therefore 
provide the engine speed which is required to give maximum 

25 fuel economy and the pitch of the propeller 14 is adjusted 
from a look-up table in order to maintain the engine speed 
N4. Xf for example the throttle is moved thereby 
indicating more power is required such as that given by 
curve B * 1 then it will not be possible to produce the 

30 minimum fuel economy at point A 1 because the curve B4 

obviously does not go through that point. Thus, the most 
appropriate engine speed and torque will be that closest 
to point A v such as that given by torque T5 and engine 
speed N5. Once again the look-up table will provide the 

35 appropriate pitch setting in order to maintain the engine 
speed at N5 thereby delivering the best fuel economy for 
the required power to produce the required boat speed. 
Alternatively, a suitable pitch of the propeller blades 12 
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of the propeller 16 can be selected from an appropriate 
look up table for the specific power requirement, and the 
throttle of the engine is used to control the engine speed 
to the speed required for best economy, in this case nS. 

Thus, step 607 enables an appropriate power curve to be 
selected to match required boat speed having regard to 
resistance or load on the boat. The power curve can be 
related by a particular deviation factor which is used to 
change from one power curve to another depending on the 
perceived load or resistance of the boat. This then 
enables only one power curve to be provided and for that 
power curve to be adjusted by a load factor to be used to 
select the power in Figure 6B on one of the curves the B', 
B" and B">, etc., or by interpolation between them. 

At step 608 engine speed 18 is set by selecting the 
appropriate value as described above having regard to the 
position of the lever 28 and therefore the voltage on line 
19, and pitch position is selected from a look up table in 
pitch control unit 10, to maintain that engine speed and 
therefore deliver the required engine power to provide the 
required boat speed. As noted above in step 607, the 
particular value may be adjusted depending on the 
particular operating curve which is selected at step 607. 
Thus, the movement of the control lever results in a 
change in voltage on line 19 and therefore selection of 
appropriate values from the look up table for output on 
line 11 to set engine speed 18 dependent on the position 
of the lever 28. The pitch of the propeller 12 is also 
adjusted to maintain engine speed by outputs on line 15 to 
EDU 22 and output on line 17 to DC motor 24 to adjust the 
position of the blades 12 to maintain the engine speed as 
low as possible whilst maintaining the boat speed as 
required by the boat operator. Thus, in other words, by 
movement of the lever 28, the boat operator is effectively 
setting boat speed and the engine speed and pitch of the 
propeller responds to provide that speed, whilst at the 
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same time providing maximum economy by selecting the 
appropriate operating curve at step 607 . 

At step 609, a decision is made as to whether there has 
been a mode change by operation of one of the switches 27 
or 29. If no, the program moves to step 610 where a 
decision is made as to whether the control lever 28 has 
been moved to the neutral position. If the answer is no, 
the program moves back to step 608 where the engine speed 
parameters, as referred to in step 608 are maintained 
dependent on the position of the lever 28. If the control 
lever 28 has been moved to the neutral position, the 
system looks to determine whether there has been a clutch 
override command at step 611 by pressing button 32 in 
Figure 2. This enables the clutch to be placed in a 
closed condition whilst holding the button 32 depressed 
for example, so that the lever can be moved in and out of 
neutral position to slightly move the boat forward or 
backwards in the cruise mode by the program returning to 
step 608. This simply stops the boat from being placed in 
a neutral position and for the clutch 20 to be disengaged, 
thereby completely shutting off drive to the propeller 14 
and requiring reengagement before the boat can again be 
moved under power. 

If there was no depression of the clutch button 32 at step 
611, the program moves to step 617 to open the clutch 20 
and then to step 310 waiting for mode selection after the 
lever 28 has been placed in the neutral position. 

If mode selection is changed at step 609, the program also 
moves to step 310 awaiting for selection of the new mode. 

If power stop conditions at 606 are determined, the 
program moves to step 612 where the pitch of the propeller 
blades 12 are set to the full reverse position to provide 
braking effect by output of a signal on line 15 to EDU 22 
and by output of a signal from EDU 22 to motor controller 
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24 to thereby adjust the position to the full reverse 
position. At the same time, the output on line 11 is se t 
to control the engine speed 18 to achieve appropriate 
power dependent on boat speed as provided by GPS speed 
system 35, when power stop is requested. Thus, if power 
stop is requested and the boat is travelling at very high 
speed, then the amount of engine power which is required 
will be high and the engine speed may be controlled so as 
to give a speed of, for example, 4000 rpm to provide the 
required power to reduce boat speed when the propeller 14 
is in full reverse pitch. However, if the boat is 
travelling at, for example, only 15 knots, then the amount 
of engine power required is considerably less and the 
engine may be controlled to a speed of, for example, 2000 
rpm to reduce the speed of the boat with the propeller 14 
in full reverse pitch. Thus, the engine power selected 
will be a function of the actual over- the -ground boat 
speed which is provided by the GPS system 35. 
Furthermore, the engine speed is also controlled to ensure 
that, as the lever moves from the forward position back 
through neutral to the reverse position, the engine does 
not unnecessarily over-rev as the pitch of the propeller 
14 goes through the neutral position, if the engine is 
developing a considerable amount of power, even though the 
revs may be relatively low, and the boat is at low speed, 
the engine may unnecessarily rev as the propeller 14 moves 
to the neutral pitch position which may not only 
unnecessarily over-rev the engine, but may also cause an 
unwanted response from the boat. Thus, the engine speed 
is controlled as a function of the boat speed so the 
engine does not over-rev and the required amount of power 
is delivered by the engine, having regard to boat speed, 
so the engine does deliver sufficient power to rapidly 
slow the boat in the power stop mode when the pitch of the 
propeller 14 is set to the full reverse position. At step 
613, a decision is made as to whether the emergency 
propeller stop button 43 has been pressed, indicating that 
not only is power stop required, but the boat operator 
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wishes to immediately shut off the propeller 14. If yes, 
the program moves to step 614 at which the same steps 
described with reference to steps 605a, 605b and 605c are 
performed to stop rotation of the propeller 14. If 
5 propeller stop is not requested, the program moves to step 
615 where an indication is made as to whether the boat 
speed as supplied from the GPS speed system 35 is less 
than a predetermined minimum or whether the control lever 
28 has been moved. If the predetermined minimum speed has 

10 been reached, this indicates that the boat has slowed as 
required by the boat operator, and the program returns to 
step 602 via step 616 which reverts to normal cruise mode 
for control by lever 28 to again drive the boat forward or 
backwards under boat operator control, which will occur by 

15 the program moving through step 602 and then 603 to 605, 
or step 606 to 611. If the boat speed has not dropped to 
the minimum value, and the lever 28 is moved from the full 
rear or reverse position, this indicates that the boat 
operator may again wish to speed up the boat in the 

20 forward direction before reaching minimum speed. Thus, 
the program again moves to step 616 to revert to normal 
cruise mode, and then to step 602. 

Thus, during power stop, if the boat has not reached the 
25 predetermined minimum speed, and for some reason the boat 
operator decides it would be preferable to again speed up 
the boat, this can be done simply by moving the lever 
without first waiting for the boat to reach the 
predetermined minimum speed, and once the lever is moved, 
30 the boat can be moved in cruise mode as previously 

described. If the answer at step 616 is no, the program 
• simply moves to step 612 and the power, stop conditions 
continue • 

If in Figure 4 the system moves to step 410 indicating 
35 manoeuvring mode is required, the boat moves into 
manoeuvring mode condition as shown in Figure 7. 



Hi\Luloo\Kecp\Speci\Alcbridao Prov - Control Method and Control System. (So c 27/10/03 



- 38 - 



With reference to Figure 7, at step 701 the clutch 20 is 
engaged if not already engaged, and at step 702 the engine 
speed is set to high idle speed by a signal on line 11 to, 
for exaiqple, 1500 rpm. This enables the engine to deliver 
5 relatively low power to the propeller 14, At step 703, a 
check is made as to whether the mode has been changed by 
pressing the button 27 or the button 29 and, if so, the 
program moves to step 310 back to Figure 4 for control 
under the particular mode as selected. If there has been 

10 no change in mode, the program moves to step 704 and a 

determination is made as to whether propeller stop button 
43 has been pressed and, if so, the program moves to step 
705 which again implements the same steps as described 
with reference to steps 605 and 614, and thereafter moves 

15 to step 310 waiting for mode selection. If propeller stop 
is not selected, the program moves from step 704 to 706 to 
determine whether the control lever is in the neutral 
position. If no, the program moves back to step 702 and 
if yes, the program moves to step 707 to determine whether 

20 the button 32 has been pressed to override neutral 

condition and if so, the program again moves back to 702 
where the propeller can be feathered by the control lever 
28 being in a very close to neutral or neutral position 
with the depression of the buttons 32 preventing 

25 disengagement of the clutch 20* If the button 32 is not 
pressed, the program moves to step 708 and the clutch 20 
is disengaged, and then the program moves back to step 310 
awaiting for a new mode selection command. 

30 At step 702, the pitch of the propeller blades 12 are 

adjusted by moving the control lever 28 whilst the engine 
speed is maintained at high idle speed as mentioned above. 
Thus, in the manoeuvring mode, the control lever 28 
changes boat speed by causing the control unit 10 to 

35 change the pitch of the propeller blades 12 whilst the 
engine speed is maintained constant by the control unit 
10, whereas in the cruise mode, the movement of the lever 
28 changes boat speed by causing the control unit 10 to 
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set a combination of engine power and pitch of the 
propeller blades 12 * Thus, a single control lever 28 is 
used in the cruise mode to change engine power and 
propeller pitch and therefore boat speed, whilst in 
manoeuvring mode the control lever 28 changes only the 
pitch of the propeller blades 12 whilst the engine speed 
is maintained constant. 

Figure 8 is a flow diagram showing engine close down when 
it is desired to shut off the engine. At step 801 a 
determination is made as to whether the ignition 39 is 
switched off. At step 802 the light emitting diode 45 
indicating pitch check mode is switched on, and the pitch 
of the propeller blades 12 is adjusted to a default pitch 
position. This will make it easier to locate the pitch of 
the propeller blades at the reference pitch position next 
time the engine is started, assuming that there has been 
no movement of the pitch of the propeller for whatever 
reason during the time the boat was switched off. 
Movement of the pitch may occur if maintenance is 
performed or the like. However, in most instances there 
will be no change in the position of the propeller blades 
after engine close down and therefore the pitch of the 
propeller blades is set close to the reference pitch 
position to make initial calibration and location of the 
pitch upon engine start up much easier and to provide a 
positive pitch if adjustment is not possible. Thus, if 
the boat is stopped and for whatever reason the pitch is 
not able to be changed when the boat is again started the 
propeller having been moved to the reference position 
which is a positive pitch is able to at least provide 
drive to enable the boat to get home. At step 804 the 
motor controller 22 is switched off, and at step 805 
another check is made to determine whether the ignition 39 
is actually off. If the ignition is off, the routine just 
cycles back to step 804 maintaining the control unit 22 in 
the off condition. Because the ignition (or fuel in the 
case of diesel engines) is switched off, the engine also 
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has stopped. If the ignition in fact was not turned off, 
and the initial off signal was due to a spike or other 
short duration loss of power, the system resets itself at 
step 806. 



In still further embodiments of the invention (not shown) 
the system may include a set speed cruise control mode 
where the boat can be placed into a set speed cruise 
control so that the boat continues to move at a 
predetermined speed over ground set by the cruise control 
mode until overridden by the driver. In the set speed 
cruise control mode, the speed of the boat is monitored by 
the GPS system 35 with a view to maintaining constant 
speed by the controller 10 adjusting the pitch of the 
propeller to a predetermined pitch, and then adjusting 
engine power to maintain the predetermined speed which has 
been set. 



In the claims which follow and in the preceding 
description of the invention, except where the context 
requires otherwise due to express language or necessary 
implication, the word "comprise", or variations such as 
"comprises" or "comprising", is used in an inclusive 
sense, ie. to specify the presence of the stated features 
but not to preclude the presence or addition of further 
features in various embodiments of the invention. 

Since modifications within the spirit and scope of the 
invention may readily be effected by persons skilled 
within the art, it is to be understood that this invention 
is not limited to the particular embodiment described by 
way of example hereinabove. 
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Operating Modes 
iOl<\ 


\ 


f 







Maneuvering 

Mods. 
Control Jever 
controls pitch 

angle 
. Engine speed 
-fixed - 'high idle' 



Cruise Mode 

Control lever 
controls boat 
speed with most 
economical.' 
throttle/pitch 
combination 



Check Modes 



Engine Check 

Mode 
Control lever ' 
controls engine 

speed 
Pitch at neutral 
Propeller clutch 

open 

IQ<4 



Propeller Check 



Mode 
Control lever 
controls' pitch 

angle' 
Throttle at idle 
Propeller clutch 

open 
IP* 



WOT A^l^f,^ 
Control lever at 

100% 
Throttle full open 

Pitch controls 
engine speed for 
maxinwni power 



Power Stop 
Control lever at 
negativ 100% 
Throttle 50% to 
full open 
Pitch at full 

reV fl?f 



Controllable Pitch Propeller System 
Control Functions . 



no. 



Start (turn ignition' key on) 



Internal controller checks 

LEQ Check' 

Open clutch 
'- So t- eng i ne ch e ck ipodq ^. 



-»=>»■■■ 




2^3 



yes 



. Set Pitch Mode: 
Engine speed =? idle 
Pitch angle = f (control lever position) 




^7 



Set pitch - neutral 
Set Engine speed » 
f (control lever position) 
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Mode Selection 
and Transition 




Read boat speed 
Set throttle => f (boat speed) « — LXSH 
Control pitch to keep boat speed ■ . J- 



Set engine speed « high idle 
Set pitch = f (boat speed & lever position) 





. .Set clutch open 
Set pitch - neutral 
. Set engine speed = 
f (control lever position) 
Engine check LED on 




. Set .clutch open 
. Set pitch = * 
f (control lever position) 
' Set engine speed = idle 
Pitch check JJBD on 



. yes. 
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■.Engine Check 
Pitch Check 
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Cruise Mode 




Request engine check mode 
Blink clutch LED 



Open propeller clutch 




H 3 4 
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Maneuvering Mode 



.Set propeller clutch engaged * — O** \ 




yes--: 


r 


Set engine speed Idle 
Open propeller clutch 
Set-pitch neutral . 
.Request engine check mode 



— -7b S. 




no 



• Disengage propeller clutch 




— n&% 




V'ignitiop^QFF j^%,t* ) * 



Set Pitch check LED ON 
Set pjtch = •'nominal pitch' 



Turn OFF the Electronic 
Drive Unit (EDU) . 




Reset Pitch Control 
Unit(PCU) 
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Engine Close-down 
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